The US Department of Energy's Atmospheric Radiation Measurement (ARM) user 2 facility recently initiated the Large-Eddy Simulation (LES) ARM Symbiotic Simulation and 3 Observation (LASSO) activity focused on shallow convection at ARM's Southern Great Plains 4 (SGP) atmospheric observatory in Oklahoma, USA. LASSO is designed to overcome an oft 5 shared difficulty of bridging the gap from point-based measurements to scales relevant for 6 model parameterization development, and it provides an approach to add value to 7 observations through modeling. LASSO is envisioned to be useful to modelers, theoreticians, 8 and observationalists needing information relevant to cloud processes. LASSO does so by 9 combining a suite of observations, LES inputs and outputs, diagnostics, and skill scores into 10 data bundles that are freely available, and by simplifying user access to the data to speed 11 scientific inquiry. The combination of relevant observations with observationally 12 constrained LES output provides detail that gives context to the observations by showing 13 physically consistent connections between processes based on the simulated state. 14 A unique approach for LASSO is the generation of a library of cases for days with shallow 15 convection combined with an ensemble of LES for each case. The library enables researchers 16 to move beyond the single-case-study approach typical of LES research. The ensemble 17 members are produced using a selection of different large-scale forcing sources and spatial 18 scales. Since large-scale forcing is one of the most uncertain aspects of generating the LES, 19 the ensemble informs users about potential uncertainty for each date and increases the 20 probability of having an accurate forcing for each case. 21 22 Capsule 23
Test Bed (GMTB), which is part of the Common Community Physics Package (CCPP; 155 https://dtcenter.org/community-code/common-community-physics-package-ccpp) being 156 developed for use with the next-generation forecast models, now includes LASSO forcing Core LASSO Concepts 164 The choice of how LASSO has been implemented for shallow convection is founded on 165 five core concepts. The first is that individual case studies are insufficient to gain robust 166 understanding. We instead approach LASSO as a library of cases from which to draw 167 statistically robust conclusions. This improves upon the typical LES approach of using single, 168 finely tuned case studies with unknown representativeness, such as the now-classic 169 continental shallow cumulus case based on SGP data that is part of the Global Energy and 170 Water Cycle Experiment Cloud System Study (GCCS) Intercomparison (Brown et al. 2002) . 171 The value of the library approach to running LES has been demonstrated in different ways. The second core concept is that model inputs should not be fine-tuned on a case-by-case 178 basis to make the model output match observations. If the LES differs from observations, 179 there are likely multiple causes, and adjusting one or more details empirically or by trial and 180 error can mask underlying modeling issues, resulting in misinterpretations. Instead of hand 181 tuning initial conditions, surface fluxes, or large-scale forcings to make the model match 182 observations, we instead use quality-controlled observations to assess the model results in 
188
We address the issue of uncertainty in the large-scale forcing, which arguably is the 189 largest contributor to model success on a day-to-day basis, in a unique way for our LES 190 modeling. LASSO employs an ensemble of large-scale forcing datasets, as outlined in Sidebar 191 SB2. Thus, for each case date with shallow convection, we produce an ensemble of LES using 192 a range of forcing scales and sources. We interpret the ensemble differently than for 193 ensembles in weather forecasting. When forecasting, one does not know a priori which 194 ensemble member is closest to reality, and the ensemble average is considered the best 195 predictor with each member being an equally plausible forecast within the ensemble spread.
196
With LASSO, the ensemble is produced after reality has happened, and we have observations 197 to indicate the success and failure of each member. Thus, even though each large-scale forcing 198 used to generate the ensemble is considered equally plausible, the model output is clearly 199 differentiable as good or bad, and thus can be used accordingly. Additionally, the ensemble 200 spread provides one measure of the relative uncertainty of the large-scale forcing for the 201 particular day. Practically, the ensemble approach enables the operational production of the 202 quality LES by eliminating the time needed to manually tune the forcings for each day, which 203 would be untenable when producing many simulations per year.
204
The third core concept is that the data needs to be easily usable. tarred into a second file, which is three orders of magnitude larger at around 30 GB, and this 213 file contains information for more detailed studies.
214
The fourth core concept is that users should be able to easily find and retrieve the specific Admittedly, the case selection process has a bit of subjectivity and some days with 267 shallow convection at the SGP might be excluded. The site is located in a region where strong 268 meteorological gradients can occur resulting in it sometimes being located on the dividing 269 line between two different meteorological regimes throughout much of the day.
270
Philosophically, one could argue to include such days since shallow convection is observed.
271
However, we try to avoid days where the forcing is unlikely to be uniform across the 272 simulated region with a goal of avoiding muddled forcing data that might be inconsistent 273 with the localized observations. Some days are difficult to choose, as cloud development 274 propagates over time so regional disparities occur in some of the LASSO cases. Fully 275 capturing regional heterogeneity might be accomplished in the future using a nested LES 276 approach instead of the doubly periodic lateral boundaries currently employed. 
323
An important challenge has been putting together an optimal suite of observations for 324 model evaluation. By providing a core suite of observations to the users, they are saved from 325 needing to go through the available options and deal with any quality control issues in the 326 data. In building the dataset, a balance is needed between the observations used to constrain 327 the model initial conditions and forcings versus the observations used for model evaluation.
328
Additionally, one needs to find ways to deal with sampling issues to account for spatial 329 heterogeneity and differences in measurement methodologies, e.g., cloud fraction measured 
370
Given that the current LASSO implementation targets shallow convection, many of the 371 LASSO simulations have similar behavior with differences coming from the timing and 372 amount of cloud. Figure 3 shows what a common cloud field looks like from the LES over the average benefiting from the 13 surface meteorological sites in a 60×60 km 2 region around 414 the SGP (see Figure 2 ). All simulations are initialized using the radiosonde profile from the 415 Central Facility at 6 LST, which on average has a higher LCL than the regional average 416 estimated from the surface stations. Throughout the day, the different forcings evolve and the 417 ECMWF simulations tend to maintain a high LCL bias while the MSDA simulations end the 418 day closer to the regional average. Clouds are more impacted by model spin-up than the LCL; retrievals (Figure 7d ). This analysis shows that the ECMWF forcing has a tendency toward 437 lower RH than the other forcings. 
Sidebar 2: Large-Scale Forcings Used with LASSO

718
The large-scale forcings used with LASSO come from three sources. Two are NWP based, 719 while the third uses a forecast product as a background field that is optimally adjusted to be with the cloud fraction for the simulated daytime period. The ARSCL cloud fraction is based 856 on vertically pointed lidar and radar that is sampled in time, whereas the LES cloud fraction
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